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Background: Serious neurological complications of SARS-CoV-2 are increasingly being recognized.

Case: We report a novel case of HHV6 myelitis with parainfectious MOG-IgG in the setting of COVID-19-induced
lymphopenia and hypogammaglobulinemia. The patient experienced complete neurological recovery with
gancyclovir, high dose corticosteroids, and plasma exchange. To our knowledge, this is the first case of HHV6
reactivation in the central nervous system in the setting of COVID19 infection and the first case of MOG-IgG
myelitis in the setting of SARS-CoV-2 and HHV6 coinfection.

Conclusion: Patients with neurological manifestations in the setting of COVID19-related immunodeficiency
should be tested for opportunistic infections including HHV6. Viral infection is a known trigger for MOG-IgG and
therefore this antibody should be checked in patients with SARS-CoV-2 associated demyelination.

1. Introduction

COVID-19 infection predominantly presents with fever and lower
respiratory tract involvement (Needham et al., 2020). Lymphopenia is a
cardinal laboratory finding (Terpos et al., 2020) that creates an acquired
immunodeficiency state. Neurological presentations are increasingly
being recognized and include headache, anosmia, ageusia, cerebrovas-
cular accidents, Guillain-Barré syndrome, encephalopathy, acute en-
cephalitis, and acute transverse myelitis (Chakraborty et al., 2020). We
report a novel case of human herpesvirus-6 (HHV6) myelitis with
concomitant myelin oligodendrocyte glycoprotein antibody (MOG-IgG)
mediated parainfectious myelitis in a patient with COVID-19-induced
immunodeficiency.

2. Case presentation
A 61-year-old man with no significant medical history presented

with acute urine retention after one week of fever, chills, arthralgia, and
ribcage pain. He had been recently exposed to his son who had

confirmed COVID-19 infection. A Foley catheter was placed in the ER
and nasopharyngeal polymerase chain reaction (PCR) tested negative
for SARS-CoV-2. Over the following day, he developed progressive
bilateral lower extremity weakness and decreased sensation below the
ribcage. His examination was remarkable for flaccid paraplegia with a
T7 sensory level. Spine MRI showed non-enhancing T2 hyperintense
lesions of variable length in the mid-thoracic spinal cord, while brain
MRI was unremarkable (Fig. 1). He had elevated CRP (3.08 mg/dL), ESR
(45 mm/h), and ferritin (881 pg/L), with low absolute lymphocyte count
(ALC) of 790 cells/mm3, low immunoglobulin-G level of 193 mg/dL
(normal range 700-166), low immunoglobulin-M level of 12 mg/dL
(normal range 40-230), and negative HIV. Both serum SARS-CoV-2 IgG
and repeat nasopharyngeal PCR were positive, confirming COVID-19
infection albeit without respiratory symptoms. Interestingly, plasma
human herpes virus 6 (HHV6) PCR was positive (14,500 copies/mL).
Cerebrospinal fluid (CSF) analysis showed lymphocyte-predominant
pleocytosis (279 cells/pL), hyperproteinorrachia (106 mg/dL),
elevated myelin basic protein (16.7 mcq/L), negative oligoclonal bands,
and normal IgG index and synthesis rate. Although SARS-CoV-2 PCR was
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negative in the CSF, CSF HHV6 PCR was significantly positive (67,000
copies/mL). Viral CSF PCR was negative for herpes simplex 1 and 2,
varicella zoster, cytomegalovirus, enterovirus, and human parechovirus.
The preliminary diagnosis was HHV6 myelitis in the setting of an
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immunocompromised state caused by COVID-19 infection. He was
started on a 2-week-course of ganciclovir along with high dose intra-
venous methylprednisolone for presumed concomitant parainfectious
inflammatory myelitis. He had mild clinical improvement with this

Fig. 1. Spinal cord magnetic resonance imaging of the patient: (A, B) T2 weighted sagittal images of the thoracic spine shows multifocal hyperintese lesions (white
arrows) throughout the thoracic spinal cord. (C, D) Axial GRE T2 weighted images demonstrate ventral and central cord hyperintensity (white arrows) at the level of

T6 and T5 respectively.
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regimen and was subsequently started on 7 sessions of plasma exchange
(PLEX). Parainfectious inflammatory myelitis was later confirmed when
his serum demyelinating panel tested positive for high titer (1:1000)
myelin oligodendrocyte glycoprotein antibody (MOG-IgG) and negative
aquaporin-4 (AQP4-IgG) antibody. MOG-IgG was tested commercially at
the Mayo Clinic via live cell fluorescence-activated cell sorting assay.
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immunoglobulin levels, declining titer of MOG-IgG, and reduction of
HHV6 viral copies in plasma (2100 copies/mL). Post-treatment serum
HHV6-IgM was negative and HHV6-IgG was positive. Repeat CSF sam-
pling was not pursued due to the remarkable clinical improvement. At
his outpatient appointment five weeks after discharge, his paraplegia
had completely resolved with minimal residual sensory and bladder

The patient improved significantly with PLEX and ganciclovir, and was

discharged on a prednisone taper. Repeat blood tests after improvement
and recovery from COVID19 showed normalization of ALC and

symptoms.

Table 1
Reported cases of SARS-CoV-2-related transverse myelitis.
Case report Size-location SARS-CO-V2 HHV6 Other viruses Oligoclonal MOG-IgG  AQP4- Treatment Outcome
bands 1gG
Munz et al., Short segment — Positive Negative Negative HSV CSF Negative Negative Negative Steroids Full recovery
2020 thoracic pharyngeal PCR, CSF PCR PCR
Negative CSF PCR
Zachariadis Short segment — Negative Negative Negative Negative Negative Negative  IVIG, Partial recovery
et al., 2020 thoracic nasopharyngeal in serum, steroids
PCR, positive IgG not
and IgM on reported
serology in CSF
Sotoca and Longitudinally Positive Negative Negative Negative Negative Negative ~ Plasma Partial recovery
Rodriguez- extensive from the oropharyngeal serum and exchange,
Alvarez, medulla to the PCR, Negative CSF  CSF PCR steroids
2020 thoracic cord PCR
Sarma and Longitudinally Positive Not Not reported Not Not Not Plasma Partial recovery
Bilello, extensive from the oropharyngeal reported reported reported reported exchange
2020 medulla to the PCR, Negative CSF and
conus PCR steroids
Valiuddin Longitudinally Positive Not Not reported Negative Negative Not Steroids Partial recovery
et al., 2020 extensive — cervical ~ nasopharyngeal reported in CSF reported and plasma (little
PCR, Negative CSF exchange improvement)
PCR
Alketbi et al., Longitudinally Positive Not Negative - Serum Not Not Not Steroids Partial recovery
2020 extensive from the nasopharyngeal reported HSV 1 and 2, reported reported reported
cervical cord to the PCR, CSF not adenovirus, EBV,
conus reported CMV and HIV
Baghbanian Longitudinally Positive Not Negative -CSF PCR Negative Negative Negative ~ Plasma Partial recovery
and extensive thoracic nasopharyngeal reported for CMV and HSV exchange
Namazi, PCR, Negative CSF
2020 PCR
Chow et al., Longitudinally Positive Not Negative - Serology Negative Negative Negative  steroids Full recovery
2020 extensive — thoracic ~ nasopharyngeal reported for EBV, CMV, HIV,
PCR, Negative CSF hepatitis B and C
PCR
Chakraborty Short segment - Positive Not Negative - serology Not Not Not Steroids N/A - died of
et al., 2020 thoracic nasopharyngeal reported for hepatitis B, reported reported reported respiratory
PCR, negative CSF hepatitis C, HIV I and failure 1 day
PCR I after treatment
Abdelhady Longitudinally Positive Not Negative - hepatitis B Not Not Not Steroids+ N/A — died 2
et al., 2020 extensive — thoracic ~ nasopharyngeal reported and C, herpes reported reported reported acyclovir days after MRI
PCR, Negative CSF simplex viruses from cardiac
PCR arrest
Saberi et al., Longitudinally Negative Not Not reported Not Negative Negative  Steroids No
2020 extensive- cervical nasopharyngeal reported reported improvement
PCR, “suspicious”
CSF PCR
Lisnic et al., Positive Not Negative - Serum and  Negative Negative Negative  Steroids Full recovery
2020 Longitudinally pharyngeal PCR, reported CSF HSV 1,2,6, CMV, and Plasma
extensive — cervical CSF not reported EBV, Exchange
and thoracic
Zhao et al., Uncertain - sensory ~ Positive Not Negative - EBV IgM, Not Not Not Steroids, Partial
2020 level at T10 with nasopharyngeal reported influenza B virus reported reported reported IVIG, Recovery
bowel and bladder PCR, CSF not 1gM, adenovirus IgM, antivirals,
incontinence and reported coxsackievirus IgM, antibiotics
LE paralysis but no influenza A virus
spinal MRI was IgM, parainfluenza
done virus IgM, CMV IgM,
RSV IgM
Zhou et al., Longitudinally Positive Not Negative Positive Positive Negative  Steroids Full recovery
2020 extensive — cervical ~ nasopharyngeal reported
and thoracic PCR, Negative CSF
PCR

Short segment less than three spinal levels (e.g. C5-C6).
Longitudinally extensive more than three spinal levels (e.g. from C2 to T12).
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3. Discussion

This case illustrates an unusual, albeit plausible, sequence of events
that led to a severe, yet reversible, neurological presentation. COVID-19
infection is characterized by acquired lymphopenia, which is a predictor
of disease severity (Terpos et al., 2020). This, in addition to the hypo-
gammaglobulinemia seen in a subset of patients (Dupont et al., 2020),
creates an acquired immunocompromised state during COVID-19
infection as evidenced by an increased susceptibility to secondary bac-
terial infections and viral reactivation (Li et al., 2020; Drago et al., 2020;
Abadias-Granado et al., 2021). HHV6 myelitis is a rare disorder that is
almost exclusively seen in immunocompromised patients such as post
bone marrow transplantation and in the setting of HIV infection (Shir-
oshita et al., 2020). Given that our patient had no prior history of im-
munodeficiency and tested negative for HIV, the most likely trigger of
his HHV6 reactivation was COVID-19-induced immunodeficiency. Most
cases of true viral myelitis are thought to have a concomitant post-viral
or parainfectious immune-mediated response that contributes to spinal
cord inflammation, justifying the use of corticosteroids with or without
anti-viral agents. This, in addition to the growing literature on post-
COVID-19 immune-mediated neurological complications is what
prompted us to initiate immunotherapy early on. The decision to add
PLEX after the limited initial response to corticosteroids was based on
literature suggesting improved outcomes of transverse myelitis with
combined therapy (Greenberg et al., 2007). In this case, the combined
SARS-CoV-2 and HHV6 infection likely triggered immune-mediated
myelitis. This was confirmed by the positivity of MOG-IgG, an anti-
body linked to monophasic or recurrent demyelinating disorders
including acute disseminated encephalomyelitis, optic neuritis, and
transverse myelitis (Cobo-Calvo et al., 2020). MOG-IgG-related demy-
elination can be post-viral or idiopathic.

Several cases of post-COVID-19 myelitis have been reported often
with negative SARS-CoV-2 PCR in the CSF and good response to corti-
costeroids, suggesting an immune-mediated etiology (Table 1). An
increased incidence of HHV6-related diseases such as Kawasaki disease
and pityriasis rosea has been reported during the COVID-19 pandemic,
suggesting a link between COVID-19 immune dysfunction and reac-
tivation of HHV6 (Dursun, 2020; Drago et al., 2020, Abadias-Granado
et al., 2021). Interestingly, the HHV6 and SARS-CoV-2 viruses have each
been separately linked to MOG-IgG positive transverse myelitis (Zhou
et al., 2020 and Vieira et al., 2017). To our knowledge, this is the first
report of possible HHV6 reactivation in the central nervous system in the
setting of COVID-19 immune dysfunction, and the first with para-
infectious MOG-IgG myelitis in the setting of SARS-CoV-2/HHV6 co-
infection.

One important consideration relevant to our case is the possibility of
chromosomally-integrated HHV6. This is an inherited condition in

Appendix A. Appendix
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which the HHV6 genome is transmitted from a parent germ cell and
becomes integrated with the individual’s cellular genome in all tissues
(Aimola et al., 2020). This can give false positive HHV6 PCR results
when tested in cell-containing samples like whole blood albeit fewer
viral copies can also be found in plasma secondary to cell lysis. Testing
HHV6 PCR in hair follicles can differentiate this condition from true
HHV6 infection/reactivation. Since we did not perform this test in our
patient, it is possible that the patient could have had chromosomally-
integrated HHV6. However, chromosomally-integrated HHV6 is very
rare (less than 1% of the population) and individuals with this rare
condition are still at risk for HHV6 reactivation and CNS infection when
immunocompromised (Aimola et al., 2020). The fact that our patient
tested positive for serum HHV6-IgG argues against chromosomally-
integrated HHV6 since these patients often develop immune tolerance
to viral proteins and usually test negative for HHV6 antibodies (Tanaka-
Taya et al., 2004). The decline in viral copies after treatment with
ganciclovir also supports HHV6 reactivation. Second to encephalitis,
HHV6 myelitis is a relatively common manifestation of HHV6 reac-
tivation in immunocompromised patients (Shiroshita et al., 2020).
Therefore, the occurrence of this typical presentation in our immuno-
deficient patient with positive HHV6 PCR in CSF, CSF pleocytosis in the
typical viral range, and good clinical and serological response to gan-
ciclovir is less likely to be a rare coincidence. Moreover, HHV6 infec-
tion/reactivation has been shown to trigger demyelination so the
positivity to the demyelinating antibody in our patient is in itself sup-
portive of HHV6 infection (Dunn et al., 2020).

In conclusion, patients with neurological manifestations in the
setting of COVID-19 lymphopenia/hypogammaglobulinemia may need
to be tested for opportunistic infections including HHV6 in the correct
clinical setting. Combined anti-viral and immunomodulating therapies
may be necessary to promote recovery in these special cases. Demye-
linating antibodies like MOG-IgG and AQP4-1gG should be tested in the
setting of a suspicious clinical picture, such as longitudinally extensive
myelitis or severe optic neuritis. MOG-IgG should then be repeated as
persistent positivity may predict recurrent disease while transient pos-
itivity usually indicates a monophasic course (Cobo-Calvo et al., 2020).
This case expands the spectrum of autoimmune and infectious neuro-
logical complications of COVID-19.
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